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Abstract
Objectives: Assessment of the appropriateness of screening programs involves consideration of the
harms as well as the benefits. These harms include the risk of false-negative results, the consequences
of which have remained underinvestigated. This paper reports the results of a systematic literature review
that aimed to assess the medical psychological, economic, and legal consequences of false-negative
results in national screening programs.
Methods: The review included a comprehensive literature search and contact with experts to iden-
tify relevant literature. Most studies that were identified presented only anecdotal evidence. However,
thirteen studies presented quantitative information on medical consequences of false negatives, eight
studies presented information on psychological consequences, and two studies presented information
on economic consequences.
Results: The strength of evidence from most of the primary studies was low. There is some evidence,
however, that false-negative results may have a large legal impact. There is also a consensus in the
literature that false negatives may have a negative impact on public confidence on screening; evidence
is however limited.
Conclusions: False negatives are evident even in high-quality screening programs. They may have
the potential to delay the detection of breast and cervical cancer, but there is little evidence to help in
assessing their psychological consequences. They also may lead to legal action being taken by those
affected and may reduce public confidence in screening. Their impact may be reduced by provision of full
information to participants about the benefits and limitations of screening programs and by increasing
public education on these issues.
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Assessment of the appropriateness of screening programs involves consideration of the
harms as well as the benefits. These harms include the risk of false-negative results, which
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are inherent in any screening program that does not have 100% sensitivity. However, their
consequences have remained underinvestigated, partly because they are often not easy to
identify, but also because any harms deriving from them are perhaps assumed to be small
in comparison to the benefits of screening.
There is a risk that the harms of false negatives may be overlooked when new popu-
lation screening programs are introduced. A recent editorial also warned of the clinical,
organizational, and legal impacts that false negatives may have and suggested that they may
have important implications for informed consent to screening (45). But what do we know
about the harms and wider consequences of false negative results? Some evidence on these
and other impacts is available from a recent systematic literature review (30).
MEDICAL CONSEQUENCES OF FALSE NEGATIVES
False negatives may become manifest in a relatively short time after screening, for example,
through the birth of a baby with Down syndrome. However, in some cases (for example, in
cancer screening) the main medical consequence of a missed diagnosis is likely to be a delay
in detection, compared with what would have happened without screening. When the cancer
then becomes symptomatic, it may be at a more advanced stage and require more invasive
treatment, which may be less successful and more costly. However, the identification of false
negatives is not straightforward. While those suspected of having the relevant condition go
on to have further investigations, thus revealing any false positives, false negatives may
only be identified in further cycles of a screening program. They may also be picked up in
quality assurance exercises, may remain undetected and manifest themselves only when the
condition becomes symptomatic, or may even remain hidden until death from some other
cause.
False-negative rates vary widely between screening tests and range from 1% in some
forms of neonatal screening to more than 30% in some studies of cervical screening. In
cervical screening it has been suggested that there is an irreducible false-negative fraction
of about 5% (41). Most of the evidence relating to the medical consequences of false
negatives derives from studies of breast, cervical, and neonatal screening. In the latter
case, untreated phenylketonuria (PKU) leads to severe mental handicap and behavioral
and neuropsychological problems, while early PKU is treatable (31). Early detection is
also important in the case of congenital hypothyroidism; the longer the delay in starting
treatment with thyroxine, the worse the eventual outcome (31). In the case of neonatal health
screening, a recent systematic review highlighted the consequences of a missed diagnosis
of congenital hearing impairment (10), since early interventions are likely to be more
effective. False-negative results in screening for hip dysplasia have also been reported (17).
A systematic review of antenatal screening for Down syndrome (44) has also suggested
that the consequences of a false-negative result include an affected pregnancy, with the
associated shock, and the lifetime costs of care.
False Reassurance
False reassurance is commonly suggested as a likely consequence of a false-negative result,
but evidence for this impact is hard to find. However, it has been shown that delays in
seeking further investigations for breast cancer may result from the false reassurance given
by negative results (5;43). In one retrospective study women with palpable breast cancers
whose biopsies had been delayed by negative mammograms were more likely to have
positive axillary nodes at surgery (6). However, a retrospective U.K. study has reported
no difference in prognosis associated with false-negative diagnosis (24). It has also been
suggested that in some screening programs, subjects with interval cancers (which may
include false negatives) have a worse survival rate than those arising in an unscreened
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population (13). In the Canadian National Breast Screening Study, screening errors delayed
diagnosis by 1 to 11 months in 35% of interval cancers (4). This has not been reported in some
analyses of U.K. data (8;11). Overall, the evidence relating to the medical consequences
of false negatives in breast cancer screening is limited, deriving mainly from small studies
using mainly retrospective review of mammograms. The evidence does not consistently
suggest that false negatives result in a more advanced stage of cancer at detection, though
this may reflect absence of evidence rather than evidence of absence.
With respect to cervical cancer screening, a recent review of Pap smear error rates
reported false-negative rates of 15% to 22% in retrospective studies (15). However, such
studies cannot be used to estimate sensitivity because the number of true-positive results is
not known, and such studies may not reflect real-life screening practice (21). Moreover, not
all of the “missed” positive smears would eventually have progressed to invasive cancer. So
again, the evidence relating to the medical consequences of false-negative results in cervical
screening is somewhat limited.
PSYCHOLOGICAL CONSEQUENCES
It has been widely suggested that people receiving a negative result from screening could
interpret this as a “certificate of health” and alter their behavior accordingly (42). This
may be a result of the widely different medical and lay perspectives of screening: the
medical aim is to seek out, diagnose, and treat, while the lay aim is to be reassured (26).
Other psychological consequences of false negatives may include the feeling that one has
been wrongly treated, leading to loss of faith in the medical profession. However, there is
relatively little information on the psychological consequences of false-negative results, and
only antenatal screening appears to have attracted any research on the issue. One suggestion
is that a child with Down syndrome born after no screening may be better accepted than a
child affected after a false-negative result (19;39). This is supported by a recent U.K. study
that found that mothers of children in the false-negative group were more likely to blame
others for this outcome, and this was associated with poorer acceptance of the child (20).
Overall, though it is commonly suggested that false reassurance is a major problem in
breast screening, there is little evidence to support this (23). This is also suggested by a
recent systematic review of factors predicting delayed presentation of symptomatic breast
cancer (33).
In summary, while it has often been suggested that false negatives result in false reassur-
ance, there is relatively little empirical evidence to support this. Theoretical and anecdotal
accounts do suggest that this outcome is likely, but further investigation of this issue would
be valuable.
ECONOMIC AND FINANCIAL CONSEQUENCES
In the case of cancer screening services, the financial consequences include the costs of
treating a more advanced cancer. Other costs are incurred when flaws in a screening program
are detected. These include the costs of rescreening tens of thousands of tests, recalling a
proportion of those rescreened, establishing helplines, and dealing with any litigation that
may arise. Hard evidence on these issues is again limited, though one review provides an
explicit statement of the potential costs of false-negative results, contrasting them with the
consequences of the other possible results (40) (Table 1). Valuing the consequences of false
negatives may often be difficult, for example, in prenatal screening.
In summary, the evidence on the economic implications of false-negative results is
largely theoretical and focuses mainly on ways in which these consequences may be valued
and included in analyses of screening.
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Table 1. Consequences of a False-negative Result
Consequence Benefits
False reassurance (the “unworried ill”) Spared anxiety if treatment of no benefit
The possibility of legitimizing an unhealthy lifestyle
A delay in treatment, which may be more unpleasant,
more expensive, and have a worse prognosis than
treatment at an earlier stage of the illness
An increased cost per desired outcome
Source: Shickle and Chadwick (40).
LEGAL IMPLICATIONS
The legal consequences of false negatives have been demonstrated in the United Kingdom
and elsewhere, and screening for breast and cervical cancer has been cited as a common cause
for litigation (45). Although there may be fewer cases arising out of antenatal screening, the
costs can be considerable (30). More generally, high-profile cases may result in pressure
to increase the sensitivity of screening at any cost, and one possible consequence of this is
“defensive” reporting of minor abnormalities (22). Most of the literature in this area relates
to the U.S. experience, where the risk of a lawsuit relating to false negative reporting is high,
(25;37) and delay in the diagnosis of breast cancer is one of the most common reasons for
malpractice claims against doctors (7). Litigation resulting from false-negative Pap smears
has even been cited as a threat to the use and availability of the test (15;16).
SUMMARY OF EXISTING RESEARCH
Overall, there is insufficient research evidence to help in quantifying the likely conse-
quences of a false-negative result. It is widely reported, however, that the main impact
of false-negative results is false reassurance, leading to delay in diagnosis and treatment
(1;3;14;27;34;35).
False negatives are evident in all screening programs, even when the quality of the
service provided is high. They may have the potential to delay the detection of breast and
cervical cancer, but there is little evidence available at present to help in assessing the
psychological and other consequences in most screening programs. They may, however,
lead to legal action being taken by those affected. There is also a possibility that they may
result in reduced public confidence in screening; this is discussed below.
PUBLIC CONFIDENCE IN SCREENING
There is a strong consensus in the literature that false-negative results have a powerful
impact on public confidence in screening. It has been suggested that the outcomes of
screening are broader than most other types of health care, and are not limited to health
gain, but may extend to investment in knowledge and reassurance (12). For the public, any
benefits of screening may therefore be compromised by recurring scares involving false-
negative results. However, while maintaining public confidence is important, it has some
risks attached: for example, high public confidence in the efficacy of screening and perhaps
falsely high expectations may have created a situation in which all deaths from cervical
cancer following screening are perceived as screening “failures” (32). This may be due to
the public being underinformed by providers about the limitations of screening, and a more
realistic presentation of the limitations and the benefits of all types of screening is likely to
be more useful (38). This could include provision of information on what can be reasonably
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be expected from screening programs and, in particular, advice that false negative results are
likely to remain, even after all possible cost-effective organizational and technological steps
have been taken to try to eliminate them. It is particularly important that all participants in
screening programs be provided with full information about the meaning of negative results
to help them to make informed decisions about whether to participate.
It should also be recognized that, although there are potential benefits of improved
public knowledge about the limitations of screening, there may also be costs, e.g., such
information may reduce public confidence in screening. Belief in the efficacy of screening
is also associated with adherence, so emphasizing the limitations may also result in reduced
coverage (18;28;36), and what has been referred to as “mass informed consent” may even
limit the effectiveness of screening (29). Care would need to be taken that any message
about the limits of screening does not reduce uptake of effective screening tests among
those most likely to benefit, or that it becomes simply a further barrier to access. It has
also been argued that, above all, patients’ autonomy should be respected, which includes
their right to decide not to undergo screening, even when refusal may result in harm to
themselves (2).
CONCLUSION
The introduction of screening tests into the U.K. National Health Service has been character-
ized as piecemeal, uncoordinated, and without adequate quality assurance (9). Ensuring that
this does not happen in the future is likely to be one way of reducing the impact of false neg-
atives. It has also been emphasized that “a properly informed public is a vital but often
forgotten ingredient in any analysis of screening” (9). Screening technologies, like other
healthcare technologies, are liable to be rapidly disseminated without full consideration of
their harms as well as benefits. Striving to increase public understanding of such technolo-
gies and encouraging more realistic public expectations of screening may well be the most
important steps that could be taken to help reduce the adverse impacts of false negatives in
screening.
REFERENCES
1. Austoker J. Screening for ovarian, prostatic, and testicular cancers. BMJ. 1994;309:315-320.
2. Austoker J. Gaining informed consent for screening. BMJ. 1999;319:722-723.
3. Badawi N, Cahalane S, McDonald M, et al. Galactosemia, a controversial disorder. Screening
and outcome: Ireland, 1972-1992. Irish Med J. 1996;89:16-17.
4. Baines C, McFarlane D, Miller A. The role of the reference radiologist. Estimates of inter-observer
agreement and potential delay in cancer detection in the national breast screening study. Invest
Radiol. 1990;25:971-976.
5. Bassett L, Butler D. Mammography and early breast cancer detection. Am Fam Phys. 1991;43:
547-557.
6. Basset L, Gold R. False negative mammograms: Causes and effects. Contemp Diagn Radiol.
1988;11:1-6.
7. Brenner J. Breast imaging and malpractice: A view from both sides. Applied Radiol. 1993;22:
30-32.
8. Burrell H, Sibbering D, Wilson A, et al. Screening interval breast cancers: Mammographic features
and prognostic factors. Radiology. 1996;199:811-817.
9. Calman K. Developing screening in the NHS. Journal of Medical Screening. 1994;1:101-105.
10. Davis A, Bamford J, Wilson I, et al. A critical review of the role of neonatal hearing screening in
the detection of congenital hearing impairment. Health Technol Assess. 1997;1:1-177.
11. Day N, McCann J, Camilleri-Ferrante C, et al. Monitoring interval cancers in breast screening
programmes: The East Anglian experience. Quality Assurance Management Group of the East
Anglian Breast Screening Programme. J Med Screening. 1995;2:180-185.
168 INTL. J. OF TECHNOLOGY ASSESSMENT IN HEALTH CARE 17:2, 2001
False-negative results in screening programs
12. Donaldson C. Using economics to assess the place of screening. Journal of Medical Screening.
1994;1:124-128.
13. Earle C, Herbert P. A reader’s guide to the evaluation of screening studies. Postgrad Med J.
1996;72:77-83.
14. Feldman W. How serious are the adverse effects of screening? J Gen Intern Med. 1990;5:S50-S53.
15. Frable W. Does a zero error standard exist for the Papanicolaou smear? A pathologist’s perspective.
Arch Pathol Lab Med. 1997;121:301-310.
16. Frable W, Austin R, Greening S, et al. Medicolegal affairs: IAC Task Force summary. Acta
Cytologica. 1998;42:76-119.
17. Gillam S, Foss M, Woolaway M. Late presentation of congenital dislocation of the hip: An audit.
Br J Gen Practice. 1990;40:236-237.
18. Glanz K, Resch N, Lerman C, et al. Factors associated with adherence to breast cancer screening
among working women. J Occup Med. 1992;34:1071-1078.
19. Grayson A. Fetal screening. The triple test decision. Modern Midwife. 1996;6:16-19.
20. Hall S, Bobrow M, Marteau T. Psychological consequences for parents of false negative results on
prenatal screening for Down’s syndrome: Retrospective interview study. BMJ. 2000;320:407-412.
21. Herbert A. Is proficiency testing in cervical cytology proficient? J Clin Pathol. 1997;50:
536-537.
22. Herbert A. Is cervical screening working? A cytopathologist’s view from the United Kingdom.
Human Pathol. 1997;28:120-126.
23. Holmberg L. Future prospects of population-based mammographic screening. Semin Surg Oncol.
1996;12:26-31.
24. Jones R, McLean L, Young J, Simpson W, Neilson F. Proportion of cancers detected at the first
incident screen which were false-negative at the prevalent screen. Breast. 1996;5:339-343.
25. Kaminsky F, Burke R, Haberle K, Mullins D. Rescreening policies in cervical cytology and their
effect on detecting the truly positive patient. Acta Cytologica. 1995;39:239-245.
26. Milburn K, MacAskill S. Cervical cancer screening: Continuing concerns in the 1990’s. Health
Ed J. 1994;54:201-213.
27. Moskowitz M. Guidelines for screening for breast cancer. Is a revision in order? Radiol Clin
North Am. 1992;30:221-233.
28. Myers R, Trock B, Lerman C, et al. Adherence to colorectal cancer screening in an HMO popu-
lation. Prev Med. 1990;19:502-514.
29. O’Hagan J. The ethics of informed consent in relation to prevention screening programmes. N Z
Med J. 1991;104:121-123.
30. Petticrew MP, Sowden AJ, Lister-Sharp D, Wright K. False-negative results in screening pro-
grammes: Systematic review of impact and implications. Health Technol Assess. 2000;4:1-120.
31. Pollitt R, Green A, McCabe C, et al. Neonatal screening for inborn errors of metabolism: Cost,
yield and outcome. Health Technol Assess. 1997;1:1-202.
32. Raffle A. New tests in cervical screening. Lancet. 1998;351:297.
33. Ramirez A, Westcombe A, Burgess C, et al. Factors predicting delayed presentation of symp-
tomatic breast cancer: A systematic review. Lancet. 1999;353:1127-1131.
34. Rampen F, Casparie-Van Velsen I, Van Huystee B, Kiemeney L, Schouten L. False-negative
findings in skin cancer and melanoma screening. J Am Acad Dermatol. 1995;33:59-63.
35. Regulatory closure of cervical cytology laboratories: Recommendations for a public health re-
sponse. MMWR. 1997;46:1-19.
36. Rimer B, Conaway M, Lyna P, et al. Cancer screening practices among women in a community
health center population. Am J Prev Med. 1996;12:351-357.
37. Robb J. The Pap smear is a cancer screening test: Why not put the screening error rate in the
report? Diagn Cytopathol. 1993;9:485-486.
38. Seeking patients’ consent: The ethical considerations. London: General Medical Council; 1999.
39. Seror V, Muller F, Moatti J, Legales C, Boue A. Economic assessment of maternal serum screen-
ing for Down’s syndrome using human chorionic gonadotropin. Prenatal Diagnosis. 1993;13:
281-292.
40. Shickle D, Chadwick R. The ethics of screening: Is ‘screeningitis’ an incurable disease? J Med
Ethics. 1994;20:12-18.
INTL. J. OF TECHNOLOGY ASSESSMENT IN HEALTH CARE 17:2, 2001 169
Petticrew, Sowden, and Lister-Sharp
41. Slater D. False-negative cervical smears: Medico-legal fallacies and suggested remedies. Cy-
topathology. 1998;9:145-154.
42. Tymstra T, Bieleman B. The psychosocial impact of mass screening for cardiovascular risk factors.
Fam Practice. 1987;4:287-290.
43. Van Dijck J, Verbeek A, Hendriks J, Holland R. The current detectability of breast cancer in
a mammographic screening program. A review of the previous mammograms of interval and
screen-detected cancers. Cancer (Phila). 1993;72:1933-1938.
44. Wald N, Kennard A, Hackshaw A, McGuire A. Antenatal screening for Down’s syndrome. Health
Technol Assess. 1998;2:1-112.
45. Wilson RM. Screening for breast and cervical cancer as a common cause for litigation. BMJ.
2000;320:1352-1353.
170 INTL. J. OF TECHNOLOGY ASSESSMENT IN HEALTH CARE 17:2, 2001
